To construct a questionnaire to assess outcomes in patients who underwent internal fixation for acetabular fractures. Methods. 27 female and 100 male consecutive patients (mean age, 50 years) who underwent internal fixation for acetabular fractures were included. Patients were asked to report their outcomes at months 6, 12, and 24 using a questionnaire. The initial questionnaire was constructed by an expert group. There were 11 closed questions, each came with 6 responses from 'no discomfort' to 'very severe discomfort'. Three open questions were added to cover topics that were not included. The content validity and relevance of the 11 closed questions was determined using factor analysis to determine the number of factors involved. Factorability of the correlation matrix was measured via the Bartlett test of sphericity and Kaiser-Meyer-Olkin (KMO) measure of sampling sufficiency. Factor loadings of >0.50 were considered acceptable for factor representation. Reliability in terms of internal consistency was expressed as Cronbach alpha coefficients. The responses to the 3 open questions were analysed and categorised by a single assessor. results. 120 (94%) of the patients completed at least one questionnaire, and 92 (72%) completed all 3 questionnaires during the follow-up period. Based on responses to the 6-month questionnaire, responses to the 11 closed questions were significantly intercorrelated (Spearman 0.17-0.80). After factor analysis and analysis of responses to open questions, the number of questions was reduced to 6 and included questions related to pain, walking, hip motion, leg numbness, sexual life, and operation scar. Reliability of the questionnaire was estimated to α=0.89. Criterion validity was adequate with a high correlation with the Short Form 36 (r=0.56-0.80). conclusion. Patients treated with acetabular fractures can be adequately assessed using the 6-item questionnaire and one global question concerning impact on activities of daily living.
introduction
Health-related quality of life (HRQOL) measured by the Short Form 36 1 or EuroQol 5D 2,3 in patients treated with acetabular fractures has been compared with that in a reference population. 4, 5 There is no specific questionnaire for assessing patients treated with acetabular fractures, and thus various conventional hip scores for patients treated with arthroplasty are used. The 3 most commonly used hip scores are the original Merle d'Aubigne-Postel (MAP) score, 6 the modified MAP score, 7 and the Harris Hip score (HHS). 8 The original MAP score is for patients treated with an acrylic hip prosthesis for osteoarthritic or traumatic conditions. It measures 3 items: pain, walking ability, and mobility; each item scores 0 to 6, with 6 indicating no symptom. The sum of the pain and walking ability scores is clinical outcome (very good, good, medium, fair, or poor), whereas the mobility score is for adjusting the overall outcome. The modified MAP score measures 3 items: pain, walking, and hip motion. Each item scores 1 to 6. The total score of 18 is defined as excellent, 15 to 17 as good, 12 to 14 as fair, and 3 to 11 as poor. The HHS assesses 4 items: pain, function, range of motion, and absence of deformity. The maximum scores for each item are 44, 47, 5, and 4, respectively. All these 3 hip scores have marked ceiling effects limiting their use in patients treated for acetabular fractures. 9, 10 The Short Musculoskeletal Function Assessment (SMFA) 11 is for patients with musculoskeletal disease or injury. It is a 46-item questionnaire consisting of a dysfunction index (34 items) and a bother index (12 items). It has been used with the Short Form 36 to assess outcome in patients aged >60 years treated for acetabular fractures. 4 We constructed a questionnaire to assess outcomes in patients who underwent internal fixation for acetabular fractures.
Materials and Methods
27 female and 100 male consecutive patients (mean age±standard deviation, 50±17 years) who underwent internal fixation for acetabular fractures between September 2004 and June 2008 were prospectively included ( Table 1) . Informed consent from each patient was obtained. Patients were asked to report their outcomes at months 6, 12, and 24 using a questionnaire.
The initial questionnaire was constructed by an expert group. There were 11 closed questions, each came with 6 responses from 'no discomfort' to 'very severe discomfort'. Three open questions were added to cover topics that were not included ( Fig. 1 ). The content validity and relevance 12, 13 of the 11 closed questions was determined using factor analysis to determine the number of factors involved. Factorability of the correlation matrix was measured via the Bartlett test of sphericity and Kaiser-Meyer-Olkin (KMO) measure of sampling sufficiency. Factor loadings of >0.50 were considered acceptable for factor representation. Reliability in terms of internal consistency was expressed as Cronbach alpha coefficients. Non-parametric methods were used when assumptions for parametric methods were not met. A non-parametric rank-based method was used to evaluate paired assessments changing over time. 14 The responses to the 3 open questions were analysed and categorised by a single assessor.
The Shot Form 36 was the gold standard to evaluate HRQOL. It has been validated and comprised 35 questions in 8 different domains; the total score ranges from 0 (worst) to 100 (best). It was used to compare with our questionnaire. results 120 (94%) of the patients completed at least one questionnaire, and 92 (72%) completed all 3 questionnaires during the follow-up period ( Table  2 ). Based on responses to the 6-month questionnaire, responses to the 11 closed questions were significantly inter-correlated (Spearman 0.17-0.80). The number of questions was therefore reduced. Questions 10 and 11 (voiding of bladder and bowels) were taken out owing to low frequency of reported discomfort. ≥70% of the patients rated no discomfort on both items at all 3 follow-ups ( Table 2 ). The remaining 9 questions were subjected to factor analysis to determine potential reductions in the number of questions and also to test the content validity. The scree test revealed that 4 factors could explain 76% of the variance in Table 3 ). The Bartlett test of sphericity was significant (X(2)=301.368, df=36, p<0.0001), and the KMO was 0.827, indicating that data were appropriate for factor analysis. This 4-factor solution enabled logical interpretation. Based on the factor analysis and responses to the open questions, the number of questions was further reduced. Questions 5 (leg weakness) and 9 (sleeping) were removed because their factor loadings were <0.5. Question 6 (sitting) was removed owing to its loading in 2 different factors. Question 8 (operation scar) was included (despite low frequency of reported discomfort) because of additional information presented in the open questions. Several patients described various discomforts (itching, aching and stiffness) from the cicatrix and few cosmetic problems.
Finally, questions 1 (pain), 2 (walking), 3 (mobility of the hips), 4 (loss of sensation in the legs), 7 (sexual life), and 8 (operation scar) were included.
Based on responses to the 24-month questionnaire, the 6-question questionnaire was subjected to factor analysis. The scree test revealed 4 factors that could explain 92% of the variance. The Bartlett test of sphericity was significant (X(2)=258.792, df=15, p<0.0001) and the KMO was 0.837, indicating that data were appropriate for factor analysis. This 4-factor solution enabled logical interpretation. The first factor addressed 'hip' and included 3 questions (pain, walking, and hip motion), whereas the questions concerning peripheral neurology, sexual life, and operation scar were loaded in separate factors. Internal reliability (Cronbach alpha coefficient) Is there something you can no longer do that you could do before the pelvic injury? C
What are your major sources of discomfort following the pelvic injury? Figure 1 Initial questionnaire regarding discomfort following pelvic injury. was estimated to α=0.82 for the 6 questions and to α=0.95 for the first factor 'hip' with 3 questions (pain, walking, and hip motion). The Short Form 36 domains of physical function, bodily pain, and general health as well as the Short Form 36 total were considered most relevant for the new questionnaire, with high correlation coefficients (0.56 to 0.80, Table 4 ). Content validity was adequate as factor analysis yielded the 4 factors. Reproducibility (intra-class correlation coefficient) was 0.75 at month 6, 0.84 at month 12, and 0.85 at month 24. Responsiveness was demonstrated with significant improvement over time regarding the loss of leg sensation question (p=0.016). Patients did not change significantly on group level in the remaining 5 questions, but there were individual changes. Between months 6 and 12, 29 to 55% of the patients were unchanged, and between months 12 and 24, 36 to 55% of the patients were unchanged (Table  5 ). Individual change in the discomfort level was reported in both directions. Patients with residual fracture displacement of ≥2 mm had worsening pain with time (p=0.026, Friedman test), whereas those with fracture displacement of 0 to 1 mm did not (p=0.573, Friedman test). Based on postoperative radiographs, fracture displacement was 0 to 1 mm in 97 patients, 2 to 3 mm in 23, and >3 mm in 7.
Based on responses to the 3 open questions, patients had problems in daily activities, i.e. inability to work, engage in sport activities, perform house work, engage in leisure activities, run, dance, walk in the forest or on irregular ground, lift heavy loads, put on stockings or other clothes due to stiffness in the back, walk without aid, get in or out of a car due to limited mobility, climb stairs, sit on one's heels, bend forwards, and sit for a long time. Two other problems were described: suffering from peripheral neurological discomfort in the lower extremities and discomfort from the operation scar. Responses to the 3 open questions provided additional information regarding impact on activities of daily living. Thus, one global question concerning the impact on activities of daily living secondary to the acetabular fractures is recommended (Fig. 2) .
discussion
In the original and modified MAP scores 6, 7 and HHS, 8 the variables of pain, walking, and hip motion are independent for patients treated with acetabular fractures. In our study, additional information could be obtained when 3 more items were included. Items in our questionnaire were not weighted (similar to other outcome instruments), each of the 6 responses ('no discomfort' to 'very severe discomfort') could be translated into a scale of 0 to 5, with 0 indicating no symptoms. For the 3 questions related to pain, walking, and hip motion, a total score of <4 can be considered excellent, 4 to 7 good, 8 to 11 fair, and 12 to 15 poor.
The original and modified MAP scores and the HHS are skewed with a considerable ceiling effect. 9 A modified HHS has lower ceiling effects and better discriminative qualities. 15 In a systematic review of 59 studies of the HHS, 10 31 were found to reveal an unacceptable ceiling effect and inadequate content validity. The SMFA includes questions related to the upper extremity (the ability to make a tight fist, use buttons, cut fingernails, turn knobs, and write), which is not applicable to specific symptoms in patients with acetabular fractures. 11 The SMFA is validated to address various symptoms in the musculoskeletal system, but has inadequate specificity for pelvic injures. The 6-item questionnaire is more specific in assessing patients treated with acetabular fractures and is more compact in achieving higher response rates. In our study, the response rate at the 24-month follow-up was high.
Finding a good balance between patient burden (the number of questions and the time to complete the questionnaire) and the specificity of the information is important. If the questionnaire is too extensive, the response rate may be reduced.
conclusion
Patients treated with acetabular fractures can be adequately assessed using the 6-item questionnaire related to discomfort in pain, walking, hip motion, leg sensation, sexual life, and operation scar. Discomfort level was low in several items. Discomfort from the pelvis correlate with HRQOL, which is consistent with the Short Form 36. In the 6-item questionnaire, there was no ceiling effect in any of the closed questions. Flooring effects were not a problem, as the alternative for the lowest level of discomfort was 'no discomfort'. Responses to the 3 open questions provided additional information regarding impact on activities of daily living. Thus, one global question concerning the impact on activities of daily living secondary to the acetabular fractures is recommended.
